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Molecular Evolution of Steroidal Saponins in the Genus 
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Chemotaxonomical Significance 
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Abstract: Based on the results of the phytochemical studies on genus Polygonatum, this paper divided all of the steroidal 
sapogenins that isolated from this genus into five classes of the oxidation level . The rules of the molecular evolution of these 
sapogenins in different oxidation levels were analyzed . Moreover, correlations between the molecular evolution of steroidal 
saponins and the morphological aspects of this genus were discussed . The results showed that the original taxa, such as the 
species from Ser . Alternifolia, contained saponins with lower oxidation level . Whereas, most of the saponins with higher 
oxidation level sapogenins were found mostly in the relative evolutive taxa, especially in Ser . Verticillata . This chemotaxo- 
nomic viewpoint will conduce to establish a phylogeny of the genus Polygonatum . 
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Table 1 Species and its distribution of genus Polygonatum in China 











Series Botanical name Distribution 






































Ser . Bracteata Polygonatum desoulavyi 
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P. 
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Ser . Alternifolia P. acuminatifolium 
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P. filipes 

P. franchetii 
P. humile 

P. inflatum 




























































































P. longipedunculatum 














P. macropodium 
P. nodosum 
P. odoratum 










































































































































































P. omeiense 





























































































































































































































Ser . Kingiana P. kingianum 
Ser . Hookeriana P. hookeri 
Ser . Punctala P. punctatum 
Ser . Alte-lobata P. altelobatum 
Ser . Oppositifolia P. cathcartii 
P. griffithii 

















P. longistylum 














P. oppositifolium 














P. tessellatum 

















Ser . Verticillata P. alternicirrhosum 
P. cimhifolium 


P. curvistylum 



























































































































































P. gracile 
































P. hirtellum 














P. prattii 


























P. roseum 


































































































P. sibiricum 




















P. stenophyllum 














P. stewartianum 














P. verticillatum 














P. wardii 










































































































































































P. zanlanscianense 
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Fig .1 Basic skeletons of C- 27 steroidal sapogenins 
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Table 2 Steroidal saponins isolated from genus Polygonatum 




































































Botanical name Chemical name 


Polygonatum alte- lobatum 
P. falcatum PF-1 
PO-2 
PO-7 
PO-3 
POD-I (PO-3) 





P. kingianum A (kingianoside A) 
B (kingianoside B) 
C (kingianoside C) 
D (kingianoside D) 
Funkioside C 


Po-8 epimer 





































































































25S- C (25S-kingianoside C) 

25S- D (25S-kingianoside D) 
E (kingianoside E) 

25S- E (25S-kingianoside E) 
F (kingianoside F) 

25S- F (25S-kingianoside F) 





























22-OH-wattinoside C 
25R, 22-OH-wattinoside C 


P. multiflorum 


PO-2 
PO-3 


odospiroside 


P. odoratum 


polyfuroside 
PO-1 

PO-4 

PO-5 

PO-6 

PO-7 

PO-8 

PO-9 
POD-I (PO-3) 
POD-II 
POD-IV 


POD-III 
PO-a 


POD-III 

PO-a 

PO-b ( PO-2) 
PO-c 

PO-d 

PO-e 


P. odoratum var . 


pluriflo rum 


P. orientale polysceptroside 


spiroakyroside 





P. prattii A ( pratioside A) 
B (pratioside B) 
C (pratioside C) 
DI (pratioside DI ) 
El (pratioside El ) 
F1 (pratioside F1) 


G (pratioside G) 
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9/10 
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1 
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9/10 
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1/2 
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Sugar moiety 


-gal (4-1) glc 
-gal (4-1) glc 
-gal (4-1) glc 
-gal (4-1) glc 
-gal (4-1) glc 
-gal (4-1) glc 
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1 
1 
1 
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-gal (4-1) glc 
-fuc (4-1) glc 
-gal (4-1) glc, 26-O-glc 
-fuc (4-1) glc, 26-O-glc 
-gal (4-1) glc 
-gal (4-1) glc, 26-O-glc 
-gal (4-1) glc, 26-O-glc 
-fuc (4-1) glc, 26-O-glc 


(3-1) xyl 
(3-1) xyl, 26-O-glc 
(3-1) xyl 
(3-1) xyl, 26-0-glc 
(3-1) xyl 
(3-1) xyl 


-gal (4-1) gle (2-1) glc, 26-O-glc 
-gal (4-1) gle (2-1) glc, 26-O-glc 
-gal (4-1) gle (2-1) gle, 26-O-glc 
-gal (4-1) gle (2-1) gle, 26-O-glc 


-gal (4-1) glc, 26-O-glc 
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-gal (4-1) glc [ (4-1)glc] 
-glc [ (2-1)rha] (4-1) ara 
-gal (4-1) glc 
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-gal (4-1) glc 
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[ C-1-O-ara (2-1) rha] 
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-fuc (4-1) glc, 26-O-glc 
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Botanical name 


P. punctatum 


P. sibiricum 


P. stenophyllum 


P. verticillatum 


P. zanlanscianense 
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PO-3 
( dioscin) 
Tu, 
A (polypunctoside A ) 
B (polypunctoside B) 
C (polypunctoside C) 
D (polypunctoside D) 
( dioscin) 
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ophiopogonin C 
| | (protodioscin) 
PO-2 
PO-3 
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neosibiricoside A 
neosibiricoside B 
neosibiricoside C 
neosibiricoside D 
huangjinoside A 
huangjinoside B 
huangjinoside C 
huangjinoside D 
huangjinoside E 
huangjinoside F 
huangjinoside G 
huangjinoside H 
huangjinoside I 
huangjinoside J 
huangjinoside K 
huangjinoside L 
huangjinoside M 
huangjinoside N 
huangjinoside O 


huangjinoside P 


polygonatoside C 
polygonatoside C; 
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Sugar moiety 
-gal (4-1) glc [ (3-1 )xyl] (2-1) glc (2-1) glc, 26-O-glc 
26-0-glc 
-gal (4-1) glc 
-gal (4-1) glc 
-glc [(2-1)rha 
-glc [(2-1)rha 


[ (2-1) gle] (3-1) xyl, 26-O-glc 
[ (2-1) gle] (3-1) xyl 
] (4-1) rha 

] (4-1) rha (4-1) rha 
-glc (4-1) rha, 23-O-ara 

-glc (4-1) rha, 23-O- (2-O-acetyl)-ara 
-glc (4-1) rha, 23-O- (3-O-acetyl)-ara 
-glc (4-1) rha, 23-O- (4-O-acetyl)-ara 
-glc [(2-1)rha] (4-1) rha 

-glc (2-1) rha, 26-O-glc 

-glc [(2-1)rha] (4-1) ara 

-glc (2-1) rha 

-glc [(2-1)rha] (4-1) rha, 26-O-glc 


-gal (4-1) gle [ (3-1) xyl 

-gal (4-1) gle [ (2-1) ele] (3-1) xyl 

-gal (4-1) gle [ (2-1) ele] (3-1) xyl, 26-O-glc 
-gal (4-1) glc [ (2-1) gle] (3-1) xyl, 26-O-glc 
-gal (4-1) glc [ (2-1) ele] (3-1) xyl 

-gal (4-1) glc [ (2-1) ele] (3-1) xyl 

-fuc (4-1) gle (2-1) glc, 1-O-acetate 

-gal (4-1) glc [ (3-1) xyl] (2-1) glc, 1-O-acetate 
-(2-O-acetyl) -gal (4-1) glc[ (3-1) xyl] (2-1) gle 
-gal (4-1) gle (2-1) gle 

-ara 

-gal (4-1) glc 


-ara 


] 
] 
] 
] 
] 
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-fuc 

-fuc (4-1) glc 

-gal (4-1) glc 

-fuc (4-1) gle (2-1) gle 
-gal (4-1) gle (2-1) gle 
-ara (4-1) glc 

-fuc (4-1) gle 

-gal (4-1) glc 

-gal (4-1) glc 

-fuc (4-1) glc 

-fuc (4-1) glc, 24-O-glc 
-fuc (4-1) gle, 24-O-glc 
-fuc (4-1) glc, 26-O-glc 


-glc (4-1) ara (2-1) rha 
-glc (4-1) rha (2-1) rha 


-glc [(2-1)rha] (4-1) rha, 26-O-glc 


-glc [(2-1)rha] (4-1) ara 

-glc (2-1) rha 

-fuc (4-1) glc, 27-O-glc 

-gal- (4-1) glc, 27-O-glc 

-fuc (4-1) glc 

-glc (4-1) rha, 27-O-glc 

-glc [(2-1)rha] (4-1) rha 

-gal (4-1) gle (2-1) gle 

-glc [(2-1)rha] (3-1) glc 

-glc [(2-1)rha] (4-1) rha (4-1) rha 





















































(glucopyranosy1): rha: 
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Table 3 The steroidal sapogenins of Polygonatum plants 



























































































































































































































































































































































C-25 
sapogenins R1 R2 R3 R4 R5 R6 R7 R8 
No. C-25 conf . 
1 (diosgenin) H H H H H CH; H R 
2 (yamogenin) H H H H H H CH; H S 
3 (ruscogenin) OH H H H H H CH; H R 
4 (neoruscogenin ) OH H H H H H CH, H S 
5 (25R )-spiro-5-ene-7-one- $ -ol H H H H H H CH; =0 R 
6 ( gentrogenin ) H =O H H H H CH, H R 
7 | (neogentrogenin) H - H H H H CH; H S 
8 Isochiapagenin H OH H H H H CH; H R 
9 Prazerigenin H H OH H H H CH; H R 
10 Neoprazerigenin H H OH H H H CH; H S 
11 (pennogenin ) H H H OH H H CH; H R 
12 isoplexigenin B H H H H OH H CH, H R 
13 Sceptrumgenin H H H H H H = CH, H 
14 Isonarthogenin H H H H H H CH, OH H S 
15 (huangjingenin ) OH OH H H H H CH; H R 
16 (25R )-spiro-5-ene-38, 121, 1 A-triol H OH H OH H H CH; H R 
17 Sibiricogenin H H OH H OH H CH; H R 
18 Akyrogenin H = H H H H = CH, H 
19 (25S )-spiro-5-ene-12-one-  , 27-diol H =O H H H H CH, OH H S 
20” (25R )-spiro-5-ene-1B, 3B, 230-triol OH H H H OH H CH; H R 
21% Cepagenin OH H H H H B-OH CH; H R 
22 (25R )-spiro-5, 20 (22 )-dien-IB, B, 12M-triol 
23 (25R )-spiro-5-ene-18, P, 12a, 23a-tetrol OH OH H H OH H CH; H R 
24 (25R )-spiro-5-ene-IB, P, 12a, 2P-tetrol OH OH H H H OH CH; H R 
25 Spiro-5, 25 (27 )-dien-IB, B, 12x-triol OH OH H H H H =CH, H 
26 (25S ) -spiro-5 -ene-12-one-B, 23x, 27-triol H =O H H OH H CH, OH H S 
27 (25R )-spiro-5-ene-IB, P, 23a, 243-tetrol OH H H H OH OH CH, H R 
28 (25R )-spiro-5-ene-18, R, 12a, 17x, 23x-pentol OH OH H OH OH H CH; H R 
29 (25R )-spiro-5-ene-18, R, 12a, 23x, 24x-pentol OH OH H H OH OH CH; H R 
30. (25R )-spiro-5-ene-IB, 38, 12a, 23x, 24 -pentol OH OH H H OH OH CH; H R 
[? Te, 
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( P. kingianum) (Li[] , 1992; Zhang (| , 2006), Son and Do, 1990; [] O O , 19995, [1 O O U 
O O ( P. odoratum) (Ono [| , 1988; TO O DJ . ( P. stenophyllum) (Strigina and Isakov, 1982), [] 
1994; | [] O [] , 2004: Janeczko (| , 1987), OD [] O O (P. verticillatum), [| l] l] (| € P. zanl- 
[| O CP. odoratum var. pluriflorum) (Sugiyama || , anscianense) (Jin [| , 2004) [] TU EH E] E] E] OO 


1984), OD 0 O O € P. orientale) ( Yesilada and COCO Es CTO TI. 100000 
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Fig.2 The oxidation level and possible biosynthesis pathway of steroidal sapogenins in genus Polygonatum 
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Fig .3 The sugar moiety types of steroidal glycosides in Polygonatum plants 
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